This study uses a location and profile of the firms in the six-county Chicago region from 1981 and 1999 to compare the businesses' proximity to freeway ramps and transit stations for those two time periods. A series of regression models were constructed to assess whether their location patterns with respect to transportation facilities have changed over the last two decades. The data suggest that controlling for exogenous factors, businesses have moved closer to the freeway ramps in the last two decades. Meanwhile the distance to the transit stations has not changed except in the city of Chicago, where it has decreased. These findings suggest a shift in location choice behaviors in the urban core and the suburbs. Specifically, the firms are valuing access to rail stations at greater degree in the urban core areas, while in the suburbs, they are placing more importance on the proximity to the ramps. The concentration of businesses near the expressway ramps in the inner and middle suburbs suggests an emergence of a pattern in those areas that corresponds with a polycentric development, with freeway ramps as the focal points. Finally, the findings indicate a shift, not a decrease, in the importance of transportation access for business location choice.
INTRODUCTION
Classical industrial location theory, first formalized by Weber in the beginning of the 20 th century (1) , theorized that individual firms choose the location that minimizes the cost of production at optimal production level. In Weber's model, demand was assumed to be constant in both quantity and location, and also producing activities take place at a single location.
Therefore, transportation cost associated with production as well as distribution processes became the principal factor in determining firm's location. Weber's idea was extended by Losch (2), Isard (3), Greenhut (4), Alonso (5) and others to include the analysis of market shed as well as spatially variable demand. Furthermore, other factors that have been considered by regional scientists in recent years include agglomeration economy, labor supply, intrinsic presence of natural resources, industry types, and land supply (6) . However, throughout the evolution of classical location theory, transportation cost has remained a central factor in determining industrial location as was first recognized by Weber. In today's urban planning process, this classical view of the relationship between transportation and land use is still widely accepted as indicated by the practice of using the output of the transportation demand forecasting model as an input for the land use model. Also, decision makers routinely list attracting employment centers as the main justification for building a new transportation infrastructure.
Despite substantial progress in the industrial location theory, behavioral studies of actual location choice have suggested that the decision process is far more complex in reality. Simon argued, based on "bounded rationality" theory, that location decision is actually a process of finding a satisfactory location rather than optimum one since it is impractical for most businesses to try to identify the single point that maximizes profit (7) . Also, even if the decision-maker desires optimum location, he/she rarely possesses the level of information required to find such a location. Smith combined behavioral aspects of business location choice with Weberian theory, using a "space-cost curve" (8) . Smith argued that while single profit-maximizing location can be identified within a classical framework, for a firm looking for a suitable location, any location that gives sufficient level of profit margin should be adequate. In her review of several industrial location studies, Giuliano suggests several factors that could further undermine the importance of transportation cost in the location choice process (9) . First, as evidenced by several behavioral studies, ubiquitous and high level of accessibility in all but most rural areas decreased the importance of locational advantage. Second, for the service or finance sectors that have become more dependent on telecommunication as the mean of business, transportation cost is no longer an important factor in choosing location. Third, many modern development projects require large parcels of land, making the availability of land to be the critical and overwhelming condition for the choice of location for such projects. Fourth, as traffic congestion increases, a trade-off between the benefit from agglomeration (i.e. locating close to other businesses) and congestion cost becomes important. Finally, local environment including land use policy, quality of life for employees, special incentives, and taxes seem to outweigh transportation issues as suggested by the studies of highway and transit.
These behavioral studies suggest, rather convincingly, that transportation cost may be merely one of many factors that influence the location decision for modern businesses. Also, empirical studies of business location choice seem to reinforce the claim. For example, a stated preference study of location choice for domestic and foreign firms in England has indicated that the importance of access to freeways and public transportation varies considerably depending on the type of relocation and the characteristics of the firms (10) .
Essentially, what these studies suggest is a change in business location choice process. If the factors identified by Giuliano are indeed having an impact on location choice, then firm's perception of transportation access must have altered considerably during the last few decades.
Specifically, Giuliano argues, "transport cost is no longer a key factor in lacational decision making". She used the lack of consistent relationship between land use and relatively new transportation projects that were implemented after the early freeway-era to support her argument. In this study, we use a different approach by focusing on the change in location choice patterns in relation to the access points to transportation system between 1981 and 1999. We used location and business profile of firms in the six-county Chicago region (Cook, DuPage, Kane, Lake, McHenry, and Will counties) from 1981 and 1999 to compare the proximity to both freeway ramps and transit stations for those two time periods. Exogenous (i.e. nontransportation) factors were controlled to the extent possible to determine whether a shift or decline in fundamental perception of the importance of transportation access, as recent behavioral studies have suggested, has occurred. In addition to pooled data analyses, models were constructed separately for the suburbs and Chicago to find out whether any difference in location patterns has emerged. Finally, separate models were developed for each of five major industry sectors to assess the difference in trends by the business types.
BACKGROUND
During the last two decades, the economy in the Chicago region has gone under considerable transformation. 
DATA AND METHODOLOGY
In terms of data source, the relationship between location pattern of firms and transportation infrastructure such as freeway ramps, train stations, freight terminals and airports can be analyzed in two ways. The first approach is to use aggregate data, such as business establishment data that are averaged or totaled at a political boundary or other geographical unit (such as section or quarter section). The main drawback of this approach is potential bias in distance measurement. When using aggregate data, a single point within each geographical unit must be used as a reference point to measure the distance between transportation facility and each data point. The common approach is to use the center of the square as the reference point, which will introduce bias unless firms are distributed evenly within the square. A considerable bias can exist if the distribution of businesses within each geographical unit is not reasonably balanced.
The second approach is to use disaggregate data, which contain information for individual firms including precise location as street address or coordinates. We chose this approach because the potential bias associated with the aggregate data could not be ignored when measuring distances in the areas with intense concentration of businesses near a transportation facility such as a train station.
The disaggregate data for this study was obtained from the Illinois Department of Commerce and Community Affairs (DCCA). For each of 1981 and 1999, records for 3,000 business establishments located in six-county Chicago region (Cook, DuPage, Kane, Lake, McHenry, and Will) were geocoded using the street addresses contained in the data. There are over 200,000 businesses in DCCA's Chicago region database for each time period.
In addition to the addresses, the data also contained the number of employees, the year the establishment opened, and Standard Industrial Code (SIC) for each establishment. The data provided by the Northeastern Illinois Planning Commission (NIPC) was used to calculate the total number of employment for the section within which each business establishment is located.
For the 1981 and 1999 DCCA data sets, 1980 and 1995 employment data from NIPC were used, respectively. After eliminating the records that could not be geocoded due to inaccurate address information, 2,629 and 2,249 data points were obtained for 1981 and 1999, respectively.
For each business establishment in the data set, the shortest-route distances to the nearest freeway ramp and passenger train station were calculated using the ArcView extension program originally written by Kevin Remington at the University of South Carolina and Klaus Neudecker at Katholischen Universität Eichstätt in Denmark. The program was modified by the author, so that the output can be stored and manipulated easily. The roadway network that contains all paved roadways in the six-county region was obtained from the ESRI Corporation. The rail transit network was obtained from NIPC. The expressway and rail transit networks were modified for each time period to reflect the change in the system that occurred between 1981 and 1999.
ANALYSIS

Comparison of Means
The first analysis compared the average distances to the expressway ramps and transit stations in 1981 and 1999. First, all the firms in the data were used to compute averages. Then we extracted the businesses that were newer than 10 years old when the data were collected. Table 2 is a cross-tabulation of the means and standard deviations of the distances to the closest ramps and rail transit stations.
When all the data points were included, the average distances to both ramps and transit stations are shorter for the 1981 data set. The same observation can be made for the establishments that were newer than 10 years old when the data were collected. Thus the figures in the Table 2 indicate that businesses moved away from both expressway ramps and rail transit stations.
Next, we grouped the businesses into four groups based on the distance from the CBD.
First, the businesses located in Chicago were extracted. Then the businesses located in middle suburbs, which was defined as the cities located between 30 and 50 kilometers (from the CBD) were extracted. The cities that are more than 50 kilometers from the CBD were classified as outer suburbs. Finally, the cities located between the middle suburbs and Chicago (less than 30 kilometers) were classified as inner suburbs. Table 3 shows the results of the analyses.
The results from various sub-areas do not exhibit consistent pattern. For the firms located in the middle-suburbs, the average distances to both ramps and transit stations were shorter in 1999 than in 1981. In the inner-suburbs, the distance to the ramps decreased, but the distance to the transit station increased. In the outer suburbs; however, the businesses moved away from both ramps and transit stations. Finally, when the businesses in Chicago were extracted for the analysis, the average distances remained virtually the same for the ramps, but businesses moved closer to transit stations.
The lack of consistent pattern among the sub-areas suggests it is unlikely that a fundamental shift in firm's perspective or preference for proximity to transportation facilities has occurred in the last twenty years. Rather, the increase in the average distance to the transportation facilities that has occurred between 1981 and 1999 is mainly due to the migration of the firms from the CBD to the suburbs, especially to the outer suburbs. In fact, in 1999, 17% of the businesses are in the outer-suburbs, while in 1981 it was only 11%. Also, in 1999, 34% of businesses were in Chicago, while it was 46% in 1981.
This simple analysis; however, does not provide much insights into the role of various non-transportation factors that cause the business locations to change. In the next section, further analyses are conducted using the regression models to control for the effects of such exogenous factors.
Design of Regression Models
The main objective of this analysis was to test for the difference in the distance to the transportation facilities. Prediction was not the objective of the study. In other words, regression models were constructed to conduct ANOVA-type comparisons of means between 1981 and 1999 data.
In an ANOVA using regression models, a dummy variable is used to test for the difference in the mean of the dependent variable between two groups. In our analysis, the dependent variable was the distance to the closest transportation facility, and the dummy variable, 1999 DATA, was used to indicate whether the data point was from 1999 data or 1981 data. It should be noted that all the independent variables in the model, except for the 1999 DATA, were used to control for the exogenous factors that may have caused the change in locations between 1981 and 1999.
Since the objective of the study was to assess the change in the location pattern, or more specifically the proximity to transportation facilities, that has been caused by the shift in the perceived importance of transportation access, it was critical to control for the non-transportation factors that may have caused the location pattern to alter between two time periods. The independent variables that were used to control for the exogenous effects were: 1) the number of employees at each establishment (SIZE);
2) local employment density that is measured by the number of employees for the section within which the firm is located (EMP);
3) distance from the center of Chicago CBD (DIST), which was defined as the intersection of State and Madison Streets in the Chicago downtown; 4) age of the business establishment (AGE); and 5) dummy variables for retail, wholesale, manufacturing, service, and finance businesses (RETAIL, SERVICE, MANUFACTURING, FINANCE, and WHOLESALE).
The number of employees at an establishment was included to take into account for the greater sum of commuting cost associated with larger establishments. Employment density is included to control for the effect of agglomeration. Basically this variable provides control for the cases where looking for the benefit from agglomeration put the firms in close proximity to transportation facilities even if they do not benefit directly from superior accessibility. The distance from the CBD was included to control for the density of transportation facilities. Both ramps and transit stations are spaced much closer in Chicago, consequently, locating in Chicago would give much greater chance of being close to a transportation facility even if a firm is oblivious to accessibility. The variable also captures, to some extent, the gradients for factor prices such as rent, land price, and wage. The AGE variable was used to capture the effects of long-standing business base and pre-freeway era establishments.
Dummy variables for five major industry types were used to account for the different economic profiles for two time periods. The share of transportation cost in the total production cost varies among different industry. Thus, a shift in the economy would alter a location pattern without a change in the perception of transportation accessibility.
Analysis Results
The negative value of the 1999 DATA dummy variable, shown in Table 4 , indicates that when controlling for exogenous factors, the mean distance between businesses and closest freeway ramps has decreased in the last 20 years.
Meanwhile, with the data analyzed, the decrease in the distance to transit facilities was not statistically significant. It should be pointed out that arguably the most important factor, the The finding from the model suggests that when controlling for the effects of exogenous factors, businesses have actually moved closer to the expressway ramps. Also, the wholesale businesses tend to locate closer to ramps, and finance establishments choose locations close to both ramps and transit stations. Meanwhile, the model also indicates that retail and service establishments prefer to locate close to the transit stations but not necessarily the ramps. The coefficient for the AGE variable suggests that older businesses are located closer to transit stations.
The next set of models was constructed by extracting the businesses that were newer than 10 years old when the data were collected. The objective was to assess the location choice of the businesses that have migrated. Again, the results from the models, shown in Table 5 , show a closer proximity to ramps in 1999. As in the previous model, FINANCE and WHOLESALE are significant for the model for the ramps. In particular, the coefficient for FINANCE is about 0.3 smaller than the previous model, indicating increased dependence on freeways by the newer businesses in that sector. However; for transit stations, FINANCE and RETAIL sectors are not significant. These findings seem to suggest that the newer businesses in those two sectors place less value on transit access than the older establishments.
The next set of models, shown in Table 6 , was constructed by extracting the businesses in the suburbs (including inner, middle, and outer) and the city of Chicago separately. When exogenous factors are controlled, in the suburbs, the businesses are located approximately 0.5 kilometers closer to the ramps in 1999 than in 1981 as indicated by the negative (and significant) coefficient for 1999 DATA. Contrastingly, the proximity to the transit stations did not register statistically significant change during the same time period. These findings underscore the difficulty of implementing transit-oriented developments in the suburbs. The businesses in the suburb seem to value the proximity to the freeways ramps, and consequently, they naturally locate close to the ramps. Meanwhile, transit stations have not been able to attract businesses in the suburbs. The coefficients for FINANCE and WHOLESALE in the model for the ramp distance indicate that other things being equal, those two business types are located about 0.8 kilometers closer to the ramps on average. Also, the results from the transit station model indicate retail, service, and finance sector businesses to be located close to transit stations. Thus finance sector businesses seem to value proximity to transportation facilities, including both expressway ramps and transit stations, in the suburbs. Table 7 shows the output from the model that included only the businesses in the city of Chicago. There is no statistically significant difference in the distance to ramps between two periods. The distance to the transit stations; however, has decreased. Also, except for retail and service sectors, the industry type does not affect the distance to transportation facilities.
Interestingly, the sings of the coefficients for RETAIL and SERVICE are positive, meaning those two sectors tend to locate farther from the ramps in Chicago.
Combining the results from the two sets of models, following observation can be made;
in Chicago, firms have moved closer to transit stations, while in the suburbs, they moved closer to the freeway ramps. We have also found that the transit stations seem to attract economic activity in the city of Chicago, but our data do not show this to hold in the suburbs.
Finally, a separate regression model was constructed for each of five major industries using the same set of independent variables except for the dummies for industry types. None of the models that were developed for transit station indicated statistically significant change in the distance between 1981 and 1999. For the freeway ramps; however, the data sets for manufacturing and retail businesses have produced statistically significant estimates (-0.540 at t = -2.197 and -0.626 at t = 0.001, respectively) for 1999 DATA. These coefficients are large, suggesting that manufacturing and retail businesses were located, on average, half kilometer or more closer to the freeway ramps in 1999 than did in 1981.
Grouped Data Analysis
The regression models were separately estimated for 1981 and 1999 data to determine whether any difference exists in the relationship between the independent variables and the distance to transportation facilities. The results, shown in Table 8 , suggest that, in 1981, finance and wholesale businesses were located closer to the ramps than other types of businesses. However, in 1999, the dummy variables are no longer statistically significant for those two sectors. The models for the proximity to the transit stations, shown in Table 9 , indicate that, for both time periods, the service sector businesses tend to locate closer to the transit stations than other type of businesses. Also, in 1981, retail and finance businesses seemed to prefer the proximity to the transit stations. For 1999; however, such trend is not observed. These results point to an overall decline in the relationship between business types, as defined by the traditional industry taxonomy, and perceived importance of transportation access. In fact, a further analysis revealed that the distances from the CBD were significantly different among those five industries in 1981, but not in 1999, indicating increasing heterogeneity of economic activities in terms of geography.
SUMMARY AND CONCLUSION
The analyses presented in this paper underscore the complexity of industrial location choice behavior. Looking at the overall averages, the businesses have moved farther away from the transportation facilities during the last two decades. However, when controlling for what we consider to be exogenous factors such as agglomeration effects, factor prices, decentralization, and density of transportation facilities, businesses actually moved closer to freeway ramps in the last twenty years. On the other hand, the proximity to transit stations did not register statistically significant change.
Within the Chicago city limit, businesses have migrated closer to transit stations in the last two decades. On the other hand, in the suburbs that are located within 50 kilometers from the Chicago CBD, businesses have moved closer to freeway ramps during the same time period.
These findings suggest polarizing shifts in a firm's location choice behavior in the urban core and suburbs. It seems that the overall importance of transportation access has not diminished in the last two decades. Rather, the data indicates that in the suburbs, businesses are placing increasing weight on the freeway access, while in the urban core, rail transit is becoming more important.
Thus, our findings suggest a shift, not a decrease, in the importance of accessibility. Also, the data indicate a development pattern with freeway ramps and rail stations as the focal points in the suburbs and urban core, respectively.
One of the possible explanations for the migration toward transit stations in Chicago is the congestion. Between 1985 and 1995, vehicle miles traveled (VMT) in the region increased by 40%, while lane miles grew only 5%, which undoubtedly contributed to the higher level of congestion (11) . The level of congestion in the highly developed area has increased the transportation cost for the firms in those areas while improved transit services have made transit more attractive, creating locational advantage for the sites near the transit stations. In fact the ridership for the subways serving Chicago has been increasing for the last several years. In the suburbs, congestion may be prompting the businesses to move closer to the freeway ramps in order to reduce transportation cost for both employees and customers.
Finally, it should be stressed that this study has generated more questions than the answers. For example, different taxonomy for industry sectors should be tested to find the common factors that explain the relationship between business activities and the location pattern in the suburbs. Also, different functional forms should be tested for the DIST variable since factor prices and the density of the transportation facilities are likely to have nonlinear relationship with the distance from the CBD. It is possible that the differences observed between the suburb and Chicago data were actually caused by nonspherical distribution of residuals due to the nonlinearity of one of the independent variables.
